The HAL1 function on Na+ homeostasis is maintained over time in salt-treated transgenic tomato plants, but the high reduction of Na+ in leaf is not associated with salt tolerance.
To achieve a deeper knowledge on the function of HAL1 gene in tomato (Solanum lycopersicum) plants submitted to salt stress, in this study, we studied the growth and physiological responses to high salt stress of T3 transgenic plants (an azygous line without transgene and both homozygous and hemizygous lines for HAL1) proceeding from a primary transformant with a very high expression level of HAL1 gene. The homozygous plants for HAL1 gene did not increase their salt tolerance in spite of an earlier and higher reduction of the Na(+) accumulation in leaves, being moreover the Na(+) homeostasis maintained throughout the growth cycle. The greater ability of the homozygous line to regulate the Na(+) transport to the shoot to long term was even shown in low accumulation of Na(+) in fruits. By comparing the homozygous and hemizygous lines, a higher salt tolerance in the hemizygous line, with respect to the homozygous line, was observed on the basis of fruit yield. The Na(+) homeostasis and osmotic homeostasis were also different in homozygous and hemizygous lines. Indeed, the Na(+) accumulation rate in leaves was greater in hemizygous than in homozygous line after 35 days of 100 mM NaCl treatment and only at the end of growth cycle did the hemizygous line show leaf Na(+) levels similar to those found in the homozygous line. With respect to the osmotic homeostasis, the main difference between lines was the different contribution of inorganic and organic solutes to the leaf osmotic balance. Taken together, these results suggest that the greater Na(+) exclusion ability of the homozygous line overexpressing HAL1 induces a greater use of organic solutes for osmotic balance, which seems to have an energy cost and hence a growth penalty that reverts negatively on fruit yield.